Cryptosporidium parvum is a coccidian protozoon that causes diarrhoeal enteritis in immunocompetent and immunocompromised humans and other mammals. Sometimes, chiefly in HIV-infected subjects, anatomical sites other than gastro-intestinal tract, such as the biliary and respiratory tree, are involved. We performed an experimental respiratory infection in immunosuppressed albino rats with a C. parvum human-derived isolate, to confirm the possibility of a primary infection at this site and to evaluate the protozoan damages by light and also by transmission electron microscopy ITEM). The animals were infected intratracheally with 1 x 10 6 C. parvum oocysts/ml and, from the 7th day post-infection, biological specimens of trachea, bronchi, lung and ileum were zoopsied. A sole Cryptosporidial colonization of the respiratory tract, from the trachea to the median bronchi, without lung parenchyma infection, was observed. Moreover 13/33 (39.4 %) rats also developed intestinal infection. TEM study of the respiratory tree specimens demonstrated that Cryptosporidia infect either ciliated or goblet cells, and confirmed the role of microvilli in the parasite cell adhesion. The most relevant alterations involved the ciliated cells, with loss of cilia and nuclear and cytoplasmic damages. 
. This is often the sole anatomic site of infection, without involvement of other organs and/or apparata. However, in humans and most other mammals, respiratory cryptosporidiosis is rare and usually diagnosed in immunocompromised hosts (Mascarö et al, 1994; Travis et al, 1990; Moore & Frenkel, 1991; Clavel et al, 1996 , Poirot etal., 1996 Stem et al, 1998) as secondary colonizations following intestinal infections. In these cases, the most likely pathogenetic mechanisms include accidental oocysts contaminating the respiratory tract after episodes of vomiting (Pearson & Logan, 1993) . Recently, histopathological, but not ultrastructural features of respiratory infections with C. parvum were achieved in rats experimentally immunodepressed and infected via the trachea (Meulbroek et al, 1991; Roussel et al, 1995) . Using this infection technique, we Parasite, 1999, 6, 217-222 report and discuss the results of a transmission elec tron microscopy (TEM) and also a light microscopy (LM) study of an experimental respiratory cryptosporidiosis in albino rats induced by a C. parvum humanderived isolate.
MATERIALS AND METHODS

ANIMALS
F orty female Sprague-Dawley albino rats, Cryptosporidium-free, weighing 120-140 g, were orally immunosuppressed with dexamethasone (1.2 mg/1) in the drinking water for 10 days before infection, according to previously reported protocols used to induce experimental Pneumocystis carinii pneumonia (Bartlett et al., 1988) .
CRYPTOSPORIDIUM PARVUM OOCYSTS
Oocysts derived from the faeces of an AIDS patient with intestinal cryptosporidiosis were concentrated by Sheather's sugar flotation and purified on Percoll gra dients from fecal samples, preserved in 2 % K 2 Cr 2 0 7
INFECTION
Rats were challenged intratracheally with 1 ml contaning 1 x 10 6 C. parvum oocysts/ml, according to a pre viously reported protocol (Bartlett et al., 1988) . The ani mals were divided in two groups: group A (20 animals) were infected with free sporozoites obtained from oocysts previously treated with 1 % trypsin, 2.2 % NaHCO, and 1 % desossicholate. Animals belonging to group В (20 animals) received wall-weakened oocysts after treatment with 14 % NaCl.
ANIMAL SACRIFICE
Starting from the 7th day post-infection (p.L), rats were sacrificed every 48 hours until the 13th day p.i. Biolo gical specimens from trachea, bronchi, lung and ileum were zoopsied for LM study; the specimens obtained the 13th day p.i. were processed also for ТЕМ evaluation.
LM STUDY
LM studies were performed by Nomarski interference contrast on wet mounts of scraping specimens and by microscopic examination of Giemsa stained imprints and sections of histological samples (trachea, bronchi, lung, and terminal portion of the ileum).
ТЕМ STUDY
Samples were fixed in 4 % glutaraldehyde in 0.1 M cacodylate buffer (pH 7.4), then post-fixed in 1 % osmium tetroxide and embedded in EPON 812. The ultrathin sections were stained with uranyl acetate and lead citrate and observed with a Philips CM 12 STEM.
RESULTS
LIGHT MICROSCOPY D uring the study protocol, 4/20 rats (20 %) of group A and 3/20 (15 %) of group В died, pro bably because of the immunodepression and severity of infection. Zoopsied specimens obtained from surviving animals revealed a cryptosporidial colo nization of the respiratory tract, from the trachea to the median bronchi, without any lung parenchyma infec tion. 6/16 rats (37.5 %) of group A and 7/17 (41.2 %) of group В also showed a contemporary intestinal C. parvum infection.
Wet mounts from respiratory mucosal tissue scrapings ( Fig. 1 ) and of permanently stained impression smears showed different bio-morphologic stages of the para site on the surface of the epithelial cells. These fea tures were confirmed by the observation of the stained histologic sections from the respiratory tree (Fig. 2 ). Sexual and asexual stages were morphologically similar to those found in the intestinal mucosa. No diffe rences in the severity of infection and in the parasite burden between rats of the two groups were observed; likewise no apparent differences were reported among animals sacrificed at different days p.i.
ТЕМ STUDY
The ultrastructural study was carried out on biopsy samples obtained the 13th day p.i. The tracheal mucosa often showed heavy infections and all asexual and sexual stages were seen on the epithelial surface (Fig. 3) . Cryptosporidia colonized either the ciliated or goblet cells. However, higher parasitism was observed on the former, probably due to the presence of the microvilli and lack of secretory activity. At the parasite adhesion zone, a typical dense layer, lying between the parasitophorous vacuole and the host cell cytoplasm, was often observed. In most cases this structure was not formed by a unique electrondense fibrillar band, but consisted of two dense layers, separated by an electron lucent one, and joined near the border of the parasitophorous vacuole (Fig. 4) . In all samples examined, the most relevant ultrastruc tural alterations of the mucosal surface were diffuse deciliations and intraepithelial inflammatory infiltrates (Fig. 5) . Sometimes parasitized ciliated cells were observed partially or completely detached from the tissue and severely damaged.
Near the basal lamina, focal inflammatory infiltrates were seen, constituted predominantly by lymphocytes, and less frequently by plasma cells and, rarely, macro phages. were shortened, blunted, even if the original axonemal structure was preserved (Fig. 6) . Beneath the cilia, basal bodies, branched cilia and, more rarely, centrioles were irregularly distributed. Cilia and microvilli were absent in the adhesion sites between Cryptosporidia and host cell surfaces, while crowded together around the parasitophorous vacuoles.
The deciliated cells showed increased well-developed rough endoplasmic reticulum (RER) and Golgi, many mitochondria and, sometimes, centrioles located in the sub-apical cytoplasm. In particular, RER was formed by meandering cisternae arranged in a whorled confi guration, often associated in the apical cellular regions with numerous mitochondria. Nuclear atypia, consis ting of multiple invaginations of the nuclear envelope and nucleolus hypertrophia, were also frequently observed. In the already ciliated cells, however, a well-developed RER and nuclear abnormalities were rarely seen. The goblet cells, recognizable due to the presence of secretory granules, showed few alterations with regard chiefly to microvilli, either lost, blunt or fused. The nuclei of the goblet cells were round or oval in shape, located in the basal region of the cells. RER showed dilated cisternae, filled with granular material. The basal cells did not show any morphological change.
DISCUSSION
C
Cryptosporidium spp. are parasitic pathogens and, when found in the respiratory tree, are normally found associated with various bird species (Lindsay & Blagburn, 1990) . They are also recovered in the tracheo-bronchial epithelium of some mammals such as pigs, rats, calves and sheep, expe rimentally or naturally infected (Heine et al, 1985; Meulbroek et al, 1991; Mascaro et al, 1994; Fleta et ai, 1995) . Respiratory cryptosporidiosis is also reported in immunocompromised subjects as secon dary colonization following a primitive intestinal infec tion (Clavel etal, 1996; Poirot et al, 1996) . In biopsy and autopsy specimens the parasites are usually located at the surface of the respiratory epithelium (Clavel et al, 1996) .
We assessed the reliability of the rat model for expe rimental respiratory cryptosporidiosis with a humanderived C. parvum isolate, and we confirmed that a primary and sole respiratory tract colonization, without intestinal infection, might take place with a parasite strain isolated from human gut. Some features of the respiratory infection described in this experimental model bear striking similarities to those observed in humans with such disease (Clavel et al, 1996) . Our TEM and LM study documented all C. parvum developmental stages on the surface of the tracheal and bronchial epithelial cells without involvement of lung parenchyma (Meulbroek et al, 1991) . These forms were morphologically similar to those described in the intestinal lumen (Vetterling et al, 1971; Pohlenz et al, 1978; Goebel & Braendler 1982; Pearson & Logan, 1983; Lefkowitch et al, 1984; Current & Reese, 1986; Meulbroek et al, 1991) . Moreover, the epithelium bea ring the parasitic stages from rats sacrificed at the end of the study protocol did not show progressive histo logic changes, with appearance of an immature malpighian metaplasia, as recently reported by others (Roussel et al, 1995) . From the ultrastructural point of view, the study of infected tracheal epithelium of the two groups of rats infected either with treated oocysts or with sporozoites did not show differences about the severity of the infection, the developmental stages present in the parasitophorous vacuoles and the alterations occurring in the epithelial cells, as observed also by LM. Moreover, the TEM showed that both types of inocula were able to induce the infection (Meulbroek et al, 1991) .
TEM observations DOCUMENTED that CRYPTOSPORIDIA MAY infect either ciliated or goblet cells, as reported in other animal models (Tadeja-Simborio et al, 1993) and confirmed also the important role of microvilli in the parasite cell adhesion. Therefore, the lower number of parasites found on goblet cells may be related to the secretory activity of these cells, which have lost many of their microvilli during secretory granules release (Tadeja-Simborio et al, 1993) . Our data demostrated that C. parvum respiratory infec tion causes ultrastructural damages mainly to ciliated cells, with loss of cilia and the appearance of nuclear and cytoplasmic changes. As with other irritative stimula, the deciliation process may represent cellular res ponse to parasite adhesion, whereas the nuclear changes and the well-developed RER should be related to an increased protein synthesis, thus possibly making available the proteins needed by Cryptosporidium metabolism (Tadeja-Simborio et al, 1993) . The double electron-dense band observed in many parasites may not be a feature typical of tracheal infec tion; this structure, although unusual, was reported also by Vetterling et al (1971) in the intestinal infection caused by Cryptosporidium wrairi. The ultrastructural features observed in our samples, chiefly the absence of severe lesions of the epithelial cells and of the lung parenchyma, support that, as in human cases of respiratory tree localization, Crypto sporidium may be considered as a low virulence res piratory pathogen (Clavel et al, 1996) . Thus, on the basis of our data, on those of previous experimental studies and of human series, we conclude that C. parvum, as other Cryptosporidium spp., may be a true and, sometimes, sole respiratory pathogen.
